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An investigation has b e a  oonducted In an altitude  teBt  ahamber 
at  the RAW Lew3.s laboratory to evaluate  the  altitude-ignition ohmac- 
teristica of a candenser-disdmrge  ignition system lnetalled on a 
turbo  jet engine. 

With a fuel havlng a Reid  =par pressure of 1.1 p o d s  per square 
inch,  ignition was obtalned wlth 4.8 joules  per spark at 6 sparks per 
second  at an altitude of 55,000 feet a d  a flight Mach number of 0.6. 

An extensive  research program is be- conducted at the NACA hwts 
laboratory for the P U ~ ~ O B B  of increasing the  altitude-starting  lfmite 
of preeent-day turbo jet e n g h e s .  Results to date f r a m  this  investiga- 
tion axe given in referanoes I sad 2. Lb paxt of this program, the 
altitude-ignition llmits obtainsble with a candeneer-dischaqp  igaitian 
eystem m r e  Fnvestigated. The altitude  ignition  limits of %hie  system 
were evaluated  at a flight Mach auniber of 0.6 on an axial-flar turbojet 
engine having tubular-type ombustors. 

A conventional turbojet  engine was installed in &tl altitude  test 
chamber where RAW standard atmospheric pressures m r e  simulated at 
the  outlet of the  jet nozzle and s t a n a d  IlAW free-stream  total 
pressures and  temperatures were simulated at the englne inlet. Fuel 
was supplied to the engine at the B & ~ B  te-erature BB the  inlet air. 

The  ignition unit used in this  investigation was a condenser- 
discharge  system  which  is shown schematically in figure 1. 
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Parer is aupplied a t  115 voltls a d  400 cycles  per eecand t h r o w  
a circuit  oontaining condenser C1 and the primary c o i l  of t ranefamer A. 
The. output of transformer A i s  rec t i f ied  am3 charges the two condene- 
ere, C2 and C3, which store the energy discharged a t  the spark gap. 
The discharge of the mall condenser C3 is stepped up by  transformer B 
f'ram 1100 t o  15,000 vol ts  which is s u f f i c i e n t   t o  ionize the epark gap. 
After  the gap has been ionized  the large c d a n s e r  G2 discharges  through 
the  secondary winding of transfomner B and euppliee the high energy fo r  
ignit ion.  The sparkhg rate I s  controlled by the capacity of Cg, the  
rate a t  which the  charging  resistm  permits  charging of Gg and the 
breakdawn voltage of the  sealed triggering q a r k  gap. A standard 
spark plug w a s  connected t o  the  igni t ion unit with a 6-foot coaxial 
ignition  cable. 

An alteration WBB made on the e w e  fuel system which coneieted 
of replac- the  standard  duplex  nozzles wlth ~maller sbplex nozzles 
rated a t  5 gallons per hour at  100-pound-per-square-inch preesure. This 
change was made to insure good fuel sprag characteristics a t  the low 
fuel flows encountered a t  high a l t i tudes .  In additfcm, the fuel flow 
control system was a l t e r e d   t o  penal.% mre erensltive  control  with the 
low fuel flows a t  high  alt i tudes.  Fuel ha- a Reid vapor preesure 
of 1.1 pounds per square inch m a  used. 

Instrumentation m a  " b a l l e d   t o  meaaure engFne-Fnlet t o t a l  
pressure, i n l e t   t o t a l  temperature, eaaust s t a t i c  pressure, fuel tem- 
perature, and combustor-outlet temperature. 

The procedure followed for each isition at teqt  oanaisted of 
sirnulath43 a l t i tude   cad i t lane ,   energ iz ing   the  i@pitian system, and 
slowly open- the   t h ro t t l e  until a predetermined fuel flow wae 
attained. This fuel flow was determined by previous tests as the 
oandition most f a v o r a b l e   f o r   i w t i o n .  lmmediately mer each ehort 
period of engine operation which followed a successful a t a r t ,  the cam- 
bustor was subjeoted t o  a 2-minute cooling period and a 3 0 - s e c d  cold 
fuel spray. This pprooedure was used t o   e s t a l ~ l i e h  a poor envlranmsnt 
for ignition. 

In order t o  show the   individual   effect  of joule6 per epark on the 
altitude-ignition  lFmits,  the spark r epe t i t i an   r a t e  was held as nearly 
constant as possible. (6 t o  7 eparks/seo) . The al t i tude-igul t ion limit 
was determined by maintaining a coIllstant joulee-per-spark input and 
increasing  the altitude until ignl t ian  w a ~  no-lmger  possible. 

With the repe t i t ion  mate held a t  6 t o  7 spaPke per second, the 
igniticm lMt was determined a t  four values of Cz ocmdewer-discbarge 
energy, 1.3, 2.6, 3.5, and 4.8 joules  per spark. ComeBpmding energy 



levels dissipated i n  the spark gap w&e 0.9, 1.6, 2.4, and 3.0 joules 
per spaxk. This loss is approximately 30 t o  40 percent of the  energy 
input and is the sum of the losses  i n  the ign i t ion  unit, the  harness 
wiring,  connectors, and spark plug electrodes. 

The ef fec t  of condenser-discharge energy on the   a l t i tude- iep l t ian  
llmit at a flight Mach number of 0.6 is shown in figure 2. As the  

spark,   the  alt i tude-ignition limit increased f r o m  about 42,000 t o  
53,000 f e e t .   I g n i t i m  WBE obtained at 821 a l t i t ude  of 55,000 feet when 
4.8 joules  per  spark w-as used but did not necessarily c m s t i t u t e  an 
al t i tude-igni t ion limit because starting attenrgts were not made above 
55,000 f ee t .  The practical   operating limlt of the engFne at  wind- 

of 55,000 f e e t  because d g  a negligible te~q~erature rise in the cam- 
bustor is obtaked at higher al t i tudes.  A s  ocxnpzed with  the 
55,000-foot limit of the condenser-dischmge system, the a l t i tude-  
isltion limit of the standard engine configuration was approximately 
15,000 feet . 

: condenser-discharge energy wa8 h&eased =an 1.3 t o  3.5 joules per 

mill- starting speed8 and & flight &Ch nuniber O f  0.6 is BT1 a l t i t ude  

h investigation WEbB C d u o h d   t o  eValWte t he  8l%i%Ude-i@pitiOll 
c?mracteristfoe of a condenser-discharge  iepition  systeminsballed an 
a turbojet  engine at a flight Mach number of 0.6 and using l.l-po- 
Reid vapor pressure l e l .  

Ignit ion was obtained at an a l t i t ude  of 55,000 feet with the 
cmdenser-discharge  ignition  system us- 4.8 joules per spark at 
6  spark^ per second. 

L ~ H S  Flight  Propulsion  Laboratory, 

Cleveland, Ohio. 
National Advfsory cammittee for Aer-utica, 



4 NAm RM E m u  

1. Wilsted, H. D., and Armetrang, J. C. : Effect of Fuel Volatflity cn 
Altitude Starting LFmits of a Turbo jet Engine. NACA FM FEiOG10, 
1950. 

2. Foster, Hmptm: Ignitian-lhergy Requirements in a Single Tubular 
Combustor. KCLCA RM E W 4 ,  1951. 

. 

L 



5 

60, OOO 

50 , 000 

40,000 
0 1 2 3 4 5 

Condeneer-dlsobge energy, joules/spark 

Figure 2. - mfect of candenser-discharge  energy on Ignition limits of 
turbojet  engine using 1.l-poUna R e i d  vapor pressure fuel at fli@ 
Mach number of 0.6. 
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